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The essential details of fatigue processes as they develop in
a properly prepared protoplasmic system like that of a frog
muscle, are conveniently transcribed by the writing lever either
upon a kymograph drum revolving comparatively rapidly, or one
going very slowly and these records furnish data for subsequent
analysis. In each procedure some facts are obtained as to am
plitude, enhancing and diminution of responses under a given
rate of stimulation and under certain physical and physiological
conditions, but unfortunately neither method alone suffices for
the proper analysis of the whole process. Although details of
mechanical devices differ somewhat in the two methods the muscle
is usually mounted in a moist chamber in such a way as to move
at each response a counter-poised muscle lever which in turn
transcribes its movement upon the surface of the drum.
In using the slow drum method, an interrupter of some sort,
which is set for a definite rhythm, usually about one stimulus
per second, is placed in the primary circuit and a record is ob
tained under given conditions. Upon- analysis by this method
records usually give interesting curves whereby the comparative
amplitude of successive contraction and relaxation phases of the
developing fatigue process are secured. The curves also give
evidence of increased contraction in the initial successive excur
sions with formation of the so-called "treppe" phenomenon and
the accompanying production of the so-called primary contrac-
ture phase followed almost immediately by the primary relaxa
tion phase merging more or less directly into the secondary con-
tracture. Obviously, however, this method fails to record such
comparative duration intervals as are concerned with latency, in
crements and decrements of irritability, as evidenced by more
and more rapid contraction at the outset, followed by a corres
ponding decrement in the recovery velocity as evidenced in the
succeeding relaxation phases. Records involving this method are
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commonly illustrated and analyzed in some of the many standard
texts.1
In the rapid drum method several mechanical devices have
been used by various investigators, but the one found easily
adapted to this end consists of a Harvard type moist chamber
in which the muscle is mounted in such a way as to move a
light writing lever. The primary circuit is automatically "made"
and "broken" by the rapidly revolving drum. This is done by
cams rotating upon the drum spindle coming into contact with
a circuit .breaker (Zimmermann type) mounted upon the clock
housing. Obviously upon analysis, records obtained by this
method have some advantages over those obtained by the other
in that they give valuable data as to the relative amplitudes of
responses, and in addition1 the accompanying rate and duration
of various phases of the oncoming process can be found es
pecially when correlated with time intervals as recorded by a
chronometer. They have some disadvantages, however, for since
the stimuli fall at the same point as the drum rotates, the trans
cribed lines representing successive responses are more or less
superimposed upon one another with consequent masking, es
pecially in the contraction phase. In some cases this masking
of individual responses is more serious than in others, due no
doubt to differences in rate of metabolic reorganization, and when
this is true it renders the record by this method difficult to analyze.
Another objection is that the crest and trough representing any
one cycle of responses are so far removed from one another, due
to the rapid rotation of the drum, that indexes of such important
phases as primary contracture or relaxation are impossible to
accurately ascertain. Curves illustrating this mode of procedure
are found quite generally, especially in the English texts.2 •
With such considerations in mind it seems desirable to combine
the two classical procedures and obtain simultaneously records
by both methods using the same irritable tissue. Especially such
a procedure is of value in demonstration where by careful ob
servation and notation the details in one can be made to supple
ment the other at critical points. By such a method also diffi
culties from the comparative analysis of the various phases are
obviated since the same muscle produces them simultaneously in
both.
1 See Howcll, Textbook of Physiology, 7th ed., pp. 33-34, 1919; also Brubaker, Text
book of Physiology, 4th ed., pp. 70-71, 1912.
2 Sec especially Schafer, Textbook of Physiology, V. 2, 1900, p. 388; fig. 216; Star
ling, Principles of Human Physiology, 1912, p. 234; Halliburton, Handbook of
Physiology, 1920, p. 98.
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EXPERIMENTAL
The mechanism to this end (Plate I), aside from the custom
ary relative adjustments and positions of the various parts, is in
its essential details rather simple and is adapted to any laboratory
with little trouble. A muscle lever of the Harvard type is pro
vided with two aluminum rods instead of one. These are curved
away from their support in such a way that their distal ends each
form an arc of a quadrant. Thus their writing tips may be
brought into contact with their respective drums. By slight ad
justments both points can be made to rub lightly upon the drums
which by previous preliminary trials have been fixed to rotate at
definite relative speeds. The fast type, in records soon to be dis
cussed, was set for one revolution in four seconds, while the slow
type was made to revolve once in an hour. The muscle received
its successive stimuli by the automatic contact interrupter mounted
upon the fast drum housing. By the use of this mechanism, com
parable records are obtained in which it is possible to follow ex
cursion after excursion of the writing points throughout the en
tire fatigue process. By mounting signal magnets and chrono
meter in proper position checks on time of stimulation and rela
tive duration of any phase or groups of phases can be made and
subsequently analyzed. By count of actual excursions of the
lever or by interposing simple signal devices any response can be
located at will, thus, for example, in typical records B and B', the
one, two or three hundredth responses are located definitely on
each curve.
In attempting to analyze fatigue curves by either method, one
is forcefully impressed with the fact that there are characteris
tically at least two types to be found, and possibly inter-grada
tions which when analyzed resemble in certain of their features
one or the other of these. One of these extremes is illustrated
by curve G and the other curve by A' in Plate II. Among the
chief points of difference in these, obviously, are differences in
first and secondary contracture, and primary relaxation, the form
er exhibiting all three phases to a marked degree, the latter com
paratively lacking them all. Why this should be is a matter of
interesting speculation. From the physiological standpoint the
phenomenon of contracture, when compared with that of a simple
contraction indicates the possibility that two different contraction
processes may take place in an irritable muscle, one involving
the so-called state of tone and therefore the length and hardness
of the muscle at all times, the other concerned with the actual
5
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production of work. Such suggestion has been made by several
workers (Uexkull, Guenther, et al.)3 on various grounds. In
deed it seems reasonable to believe as has been suggested by some,
that there are two different contractile substances in muscle, one
giving the usual quick "twitch," the other the slower contraction,
which exhibits itself as tone or contracture.* Assuming that there
are two different contractile substances in the muscle it seems
logical to infer that when the stimuli actively or excessively irri
tate the tonic substance at the same time with the activation ol
the contractile substance, the successive responses would be ac
companied by gradual shortening, as indicated by the first type of
curve, and on the other hand when the reverse condition prevails,
that is to say when the stimuli affect slightly or not at all this
peculiar tonic substance, the second type of curve would result.
Doubtless between these two extremes, there are ranges of spe
cific irritability in each substance so that when compounded in
various ratios under a given rate of stimulation and possibly
under differences in metabolic condition prevailing in the muscle
they would combine in responses to produce fatigue curves inter
mediate between the two that have been considered extremely
typical. Indeed, during the course of this and previous investi
gations5 such intermediate or gradation curves have not been
lacking. Just what condition or conditions combine to bring
about relative proportional responses in the two substances, or
what conditions must be fulfilled in order to predict just what
type of fatigue curve will result upon stimulation are as ye);
questions that need more light thrown upon them. In the light
of recent investigations by Loeb, Osterhout and especially Lillie,"
it seems probable that muscular contraction is only one of the
many phases of the general problems in physiology, such as irri
tability, conductility, stimulation, etc., awaiting solution, and like
them is dependent in the ultimate analysis upon an understanding
of fundamental physical and chemical changes in membrane per
meability.
On referring to the' simultaneous records B and B', which
represent one of the extreme types of fatigue curves, a number of
points are evident by comparison. Upon being stimulated once
per second the muscle made in the course of seven minutes about
3 Uexkall, Zentralblatt d. Physiologic, V. 22, p. 33, 1908, also Guenther, Am. Jr.
Physiol., V. 14, p. 73, 1905.
4 lotekyo, Travaux du laboratoire de Physiologic, Institut Salvay, 5, 25.
5 Baldwin, F. M., Am. Jr. Physiol., Vol. IVVI, pp. 127-139, 1921.
e Lillie, Physiol. Rev., Vol. II, No. 2, p. 1, 1922.
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Typical simultaneous curves of fatigue obtained by the use of apparatus shown in Plate I.
The significant differences in these curves are discussed elsewhere in this paper
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three hundred and fifty responses in undergoing fatigue. Both
curves show that up to about the one hundredth response, the
amplitude in terms of height is not greatly affected and although
the first few responses are accompanied by primary contracture
subsequent relaxation is remarkably gradual as is shown in the
slightly declined margin of B' and the slight overlapping of re
laxing lines in B near the base. One of the most valuable facts
in comparison is brought out in connection with relative dura
tion of the different phases. From the curve B' one would be
led to believe that successive responses following the one hund
redth were being executed in about the same interval of time as
those immediately preceding. On comparison with B, however,
such is found not to be the case. Successive contractions here
are shown to be more and more slowly produced, and in addi
tion a very marked slowing of the successive relaxation phases.
Although, of course, it is difficult to be exact because of com
parative differences in various muscles it seems reasonable to
.assert that comparatively speaking the successive contraction res
ponses vary from one another by intervals of .001 second in .
this range between the 100th to the 200th response, while the re
laxation phase certainly is retarded by as much .as .01 second.
Beyond this up to perhaps the 300th response, the contraction
response time increases until it takes a total of at least 0.2 second,
while the relaxation phase is retarded so that at the end of this
interval it consumes at least .08 second. Secondary contracture
can best be recorded by the slow drum method, as also can
secondary relaxation. These two phases develop in the record
under consideration between the 100th and the 200th responses,
and between the 200th and the 300th responses, respectively. In
the fast drum record B and the comparable slow record B' these
phases make themselves evident as a respective rise and fall of
•the curves near the stimulation take-off of contraction, and as
can be seen, neither are clearly defined. On the other hand,
latency is not evidenced by the slow drum. By the fast method
under favorable conditions and care of mechanical adjustments
latency can easily be calculated as ranging in the initial responses
between .004 to .005 second, and gradually this interval increases
as fatigue develops so that toward the end it may be as much as
0.02 to 0.04 second, depending upon temperature, load and os
motic conditions.
Curves G and G' represent another extreme type characterized
by marked secondary contracture with equally marked secondary
9
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relaxation. The muscle is stimulated at the same rate as before
(once per second) and is practically fatigued in about the same
time (seven minutes). Primary contracture is certainly accom
panied by treppe in both methods during the first few responses
as indicated at A. That relaxation is increased in its rate immed
iately following the first five or six strokes is evident by the over
lapping of tracing lines G' and B; The fact that this is true ex
presses itself in G by the successive dropping of the lower con
tour of successive tracing at B. Both curves give index to the
rapid onset of secondary contracture during the progress of the
interval labeled C, and this is soon followed by a reversal, indi
cated in both curves by D. On comparing curves B and G' it
is seen that they are as characteristically different in form and
content, as are their simultaneous counterparts B' and G.
The effect .of varying the rate of stimulation on the develop
ment of fatigue has of course been known for a long time. Some
what rapid stimulation results in the production of tetanus, while
stimulation at a slower rate than once in four or five seconds
postpones indefinitely the onset of typical fatigue phenomena.
With this in mind curves A and A' were obtained where the
stimulation was set at once in two seconds. It is seen that under
this rate curves result which are fairly comparable to B and B',
which were produced by a slightly faster rate (see B and B').
The treppe phenomenon is possibly more marked, primary relax
ation is perhaps less so. The total time interval is perhaps a little
prolonged, consuming about nine minutes to complete, but in
other respects no great differences are noted.
SUMMARY
By making simple adaptations of laboratory apparatus a method
is described whereby both fast and slow drum types of fatigue
records can be produced simultaneously. Such a procedure is of
especial value in demonstrations before classes of students who
in their general physiological course are expected to obtain re
cords of fatigue and make proper interpretations of such records,
together with a reasonable amount of the theoretical implications
of such phenomena.
By the use of one muscle to transcribe both records comparable
stages in the progress of fatigue processes are located on each,
thus amplitude and duration of responses as well as phases of
latency, contracture and relaxation are obtainable.
Different extreme types of fatigue records are noted, with
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possible gradations between the extremes, and these may possibly
be explained upon the basis of differences of irritability and
responsiveness of the "tonic" and "contractile" substances in the
muscle.
By the use of the chronometer relative duration times of the
various phases are easily calculated in terms of the fast drum
method. From data taken, for example, latency, contracture and
relaxation lie roughly between 0.005 and 0.02 ; 0.04 and 0.2 ; and
0.02 and 1.0 second, respectively.
By proper signal device count can be kept and any response
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